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Abstract A stoichiometric mixture of evaporating materials for MnAlS, single crystal thin films was prepared from
horizontal electric furnace. To obtain the single crystal thin films, MnAlS, mixed crystal was deposited on thoroughly
etched semi-insulating GaAs(100) substrate by the Hot Wall Epitaxy (HWE) system. The source and substrate temperatures
were 630°C and 410°C, respectively. The crystalline structure of the single crystal thin films was investigated by the
photoluminescence and double crystal X-ray diffraction (DCXD). The temperature dependence of the energy band gap of
the MnAl S, obtained from the absorption spectra was well described by the Varshni's relation, E,(T)=3.7920 eV — (5.2729 x
107 eV/K)T*AT + 786 K). In order to explore the apphcablhty as a photoconductive cell, we measured the sensitivity (y),
the ratio of photocurrent to dark current (pc/dc), maximum allowable power dissipation (MAPD) and response time. The
results indicated that the photoconductive characteristic were the best for the samples annealed in S vapour compare with
in Mn, Al, air and vacuum vapour. Then we obtained the sensitivity of 0.93, the value of pc/de of 1.10 x 107, the MAPD
of 316 mW, and the rise and decay time of 14.8 ms and 12.1 ms, respectively.

Key words MnALS, single crystal thin films, Hot wall epitaxy (HWE), Energy band gap, Sensitivity, Maximum
allowable power dissipation (MAPD), Response time
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Fig. 1. Horizontal furnace for synthesis of MnAl,S, polycrystal.
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.
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Table 1
Annealing condition

Sample Annealing condition
. Mn 0.0015 g (680°C, 1 hr)
MnALS, : Mn Mn vapour pressure: 107 torr
, A10.0015 g (1090°C, 1 hr)
MnALS, : Al Al vapour pressure: 107 torr
MnALS, : S S 0.0015 g (290°C, 30 min)

S vapour pressure: 107 torr

2.3. MnALS, @274 utete] dxe] =71

’474E MnALS, 274 BFES Mn, Al S 371 &
A7 ZHzE AAElsisith. SampleEe] ZH #2710
A gAE] =t A AR -] FHAE 540
7P FA @A) T2 A 2UE FEle] A =
Aoz Utk Mn T7] E91716M GAEs] sl
Mn 0.0015 g& A8} 37 Al2E A3t 2ol 10° torr
A AAEEA Do oA XF 59435k ampoule
o] Mn 7S 100 torr2 SA8PAA 680°CollA 1
Al7Hse Ix2)sint. Al 7] E9)71004 Ex)elsh)
13 Al 0.0015 g& AR} A Adel] Ho] <o
A o R ¥ T3t ampoule®] Al 37192
107 torr= FAI3PAA 1090°CE 1417+ F3F A28k
ot S 71 E7164 EAEsh] 2184 S 0.0015 g2
Al s Aod e Yol g 5915t ampoule?] S
Z718t0] 107 torr2 f-X18PHA 290°CE 308 Bt &
23kt ol Aol MnAlLS, €32 Z7-& Table 1
3} 7t

2.4. 337 5 (Photocurrent) =7

.
Y
m
)
olo
iV
[o
k}jl
s
N,
Ho
2
d
[(‘>_§.4:
ki
x,
o
N

8ISM)Z 7153I9ith. oju] 2= (650 W)ellA] ke
= % light chopper(PAR, 19)S 713 monochromater
(Jarrel Ash, 82-020, 0.5 m)& ¥3slo] Gagog A}
L3It e Ao e 2w w2 Aol x3hHs)t
2 Aoslnz garAEE FYPoR sl X=E 10Kk
oA 1,000 Ix7FA] WASIAIZIHA] Aol A3 HEIR|E
(philips, PM2528)2 ZA3I3tt. pe/de Hl= Fd79
PAFE 3,000 1x2} 01x AFEfelA 1.5V Q7P
7tete] E2= ARE ST A S &aHAE S
Z=43l7] Y8 £=Z 300, 500, 800 Ix2 LA &
QA7FASES 1 VollMFE F7HA1Z o Z-F/-(illumination
currenty’} AL o Frirt H3E]7] A&t ojnf A
ol HF]7] ZHgte] Hdsl&AH|AHoth 2ee
ZEA|(HS, HS-LA)Z S35k AR+ HEPE (philips,
PM2528)= S48t SFAIMS 578517 fleted 3
Ql B2l oA o= WS light choppers 713 Aloj|
ZAVBINA, B2 FHRFE QAT AITE(GS, 7040A )
Adste] AZkel wet Wskele 2517 H(rise time)Zt
WA ZH(decay time)°] W3lE S4 313t

il

:

2

I
A

3.4

il

23 % 1

3.1. MnALS, ©2A 9] AA5=9 A#f &=

HE MnAlLS, tHAHS EE=E vHEo] 4% Fig.
3¢] Xeray 3] FHE FE (hkly> Al 93 6gkel
JCPDS(Joint Committe on Power Diffraction Standards)&}
UX|sk= #HE©]oIA rhombohedralZ AFEHIFS &
F UYL, AXISE Nelson Riley BA2A0] ¢]ale]
WS AN T A[10102 73 A3 Fig. 4, 5904
HiE uke}l bl a,=3.6899 ¢, =36.29043t}. ©] F> M.
Yokota 5 [11]0] Birsk Az} 745 a,=3.69 c,=36.29

St 2 AT T F AU

)

100F CH
90t oo MnALS,
80t & a e
70. o QH
P e e
' 60 S ——
" | ~
§ >0 T 28 . ?
E 2o =) = =
= 30 a <
— ~
20t ! -
10t v l
o b | ﬂ
0 15 20 25 30 35 40 45 50 55 60 65

Diffraction angle (28)

Fig. 3. X-ray diffraction pattern of MnALS, polycrystal.
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Table 2
EDS data of MnAlS, polycrystal and single crystal thin film
Polycrystal Single crystal thin film
Element  Gtarting  Growth  Starting Growth
(Wt%) (Wt%) (Wt%) (Wt%)
Mn 21.74 21.95 21.95 21.96
Al 22.61 22.65 22.65 22.66
S 55.65 55.40 55.40 55.38
1.10K
2.30K
w| 1 23456 78 9 3.50 K
2V Wity v 357K
5 5.100 K
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I 7.200 K
= 8.250 K
2 9.300 K
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Fig. 8. Optical absorption spectra according to temperature
variation of MnAl,S, single crystal thin films.
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Table 3
Peaks of optical absorption spectra according to temperature
variation of single crystal MnAl,S, thin films

Temp. (K) Wavelength (nm) Energy (eV)
293 330.6 3.7501
250 329.7 3.7602
200 328.8 3.7706
150 328.1 3.7793
100 327.5 3.7860
77 327.3 3.7884
50 327.1 3.7904
30 327.0 3.7914
10 326.9 3.7919
3.80
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Fig. 10. Temperature dependence of energy gap in the MnALS,
single crystal thin film (The solid line represents the fit to the
Varshni equation).

/\zﬂl 4

3.4. MnALS, ©27% wiute] 3

111011

ol AtellM Bl gk ¥iel Zo] MnAlS, ©2AH )

gre] 2ol mEs FF SFEHS 293K 10K

200
1 2 3 4 5 6 789
i } ! i Vol
o0
7 o~ p o~
."é 150} 1.293 K
2.250 K

S 3.200 K
g 5100 k
3 T 6. 77 K
o~ 7. 50 K
~~
> 8. 30 K
'§ 3.7904 eV 5. 10K
< 50f . e

3.7501 eV 3.7602 eV 3.7706 eV 3.7914 eV

0 ]
3.74 3.76 3.78 3.80

hv (eV)
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Table 4
pc/dc of the MnALS, cell annealed in Mn, Al, S air and vacuum
(light intensity: 3,000 1x)

Sample Dark current Photocurrent  Ratio
A) A) (pc/de)

MnALS, 121x10°  211x10° 174 x10°
MnALS, : Air 779%10°  799x10"  1.03x 10
MnALS, : Vacuum 583 x 107 2.03x10"  3.48x 10'
MnALS, : Mn 6.11x10°  3.08x107°  5.04x10°
MnALS, : Al 6.02x10°  149x10"  248x10"
MnALS, : S 1.15x107 127 x 10° 1.10 x 107

103 mW, 191 mW, 238 mW, 27 mW= S Z7]29]7]4]
A gxjg|s Ae] MAPD7}F 78 FA YeRgTE AR
go] Attt Ae FFAYE ¥ S7MAE WS wlo}
T2 AF7E Aoz fAIE= F7o] #AX oS

7F Ave 22 ofvgit
4.3. pc/de

Mn, Al, S 5719171 & F71, AF291716M dA]
2lgk A= Aol 7H7F 1.5 Vel Ay Q7islal
(dark current: dc)?} tungsten filament ZolA W=
sh= WAE(3,000 xS ARl HIFAS W veRd &
A (photocurrent: pc)s =73}] Table 49 Hth.
Table 404 SFAFol gk JFH 7o w7t 7P & 2
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Fig. 13. Rise time and decay time.

Table 5
Response time of MnALS, cell
10 Ix
Sample
Rise time (ms) Decay time (ms)
MnALS, : Mn 26.7 27.9
MnALS, : Al 21.7 14.8
MnALS, : S 14.8 12.1
MnALS, : Air 17.9 16.9
MnALS, : Vacuum 36.5 27.3
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